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Executive Summary

Knowledge of geographic space, places, and locations are integral to virtually all
Federal, State, local, and tribal government decisions. Meanwhile, many government
organizations do not effectively use place-based approaches to data, technologies, and
services in support of their businesses. The Geospatial Profile of the Federal Enterprise
Architecture (FEA) is a tool for chief architects to determine how and where place-based
approaches and associated geospatial resources fit into their enterprise architectures as
they implement the FEA reference models. It is also intended to facilitate discussions
with government executives, program managers, and technical staff on how to enhance
business operations and intelligence through geospatially enhanced enterprise
architecture. This is accomplished by illustrating how to:

e enhance the business processes that are essential for fulfilling agency missions
with geospatial data, services and technologies;

e optimally collect, manage, and utilize geospatial data in efficient and effective
ways within an enterprise architecture; and

e |everage geospatial standards and coordination efforts to enable the sharing of
geospatial resources across an organization and with partners.

The Executive Office of the President, Office of Management and Budget (OMB),
supports the development of the Geospatial Profile for the Federal Enterprise
Architecture. The goal is to ensure that organizations have the means to architect,
invest in, and implement geospatial capabilities in a coordinated way that supports
Federal agencies and their data sharing partners. Chapter 1 outlines the vision,
purpose, and intended audience for the Profile. Chapter 2 contains an overview of
Federal geospatial data activities, coordination, and policies. Chapter 3 describes how
geospatial perspectives, approaches, data, and technologies apply to each of the five
FEA reference models. The appendices provide more detailed information on various
geospatial topics.

The FEA “reference models” collectively comprise a common and consistent framework
for describing important elements of the FEA. This Geospatial Profile brings a
geospatial perspective to each of the five FEA reference models to facilitate consistent
incorporation of geospatial resources into relevant activities of an agency and its
collaborating institutions. Through the use of this common framework and vocabulary,
information technology portfolios can be better managed and leveraged across the
Federal government.

The information included in this Profile is intended to promote dialogue between those
responsible for the parts of the enterprise architecture described in each of the FEA
reference models and those responsible for geospatial resources within the
organization. The intent is to incorporate, to the extent appropriate, geospatial
approaches and resources into the overall enterprise architecture of an organization in
support of the implementation of the organization’s mission goals and operations.
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The FEA reference models are described from a geospatial perspective as follows:
The Business Reference Model (BRM)

The BRM provides a descriptive framework for business activities. The role of place or
location is not often considered when modeling business processes because enterprise
architects and program managers are often not aware of benefits that could be derived
from place-based approaches. The Geospatial Profile provides program managers and
enterprise architects with approaches for identifying when place and spatial distance are
important to a business process and then how to incorporate geospatial data, services,
and technology into those business processes.

The Service Component Reference Model (SRM)

The Geospatial Profile builds on and extends the FEA SRM by defining, classifying,
categorizing, and recommending common, reusable geospatial “building blocks™—
geospatial service components—for government computing environments. The section
provides guidance to agencies on the Geospatial SRM implementation and use and
how to align with and leverage other significant Federal interoperability and resource
sharing initiatives.

The Data Reference Model (DRM)

This chapter provides a geospatial view of the elements of the FEA DRM. It addresses
the components, interfaces and processes for implementing and managing an
integrated, cohesive geospatial data policy. This includes data development,
documentation, adoption of data sharing standards and protocols, and conceptual and
logical design and modeling of the geospatial aspects of business data. The Geospatial
DRM provides guidance to enterprise architects on approaches to describe geospatial
data and metadata and align geospatial investments with the FEA DRM.

The Technical Reference Model (TRM)

This section of the Geospatial Profile extends the TRM to include geospatial
capabilities. This is provided to encourage the standards-based integration of
capabilities, particularly in a multi-agency information sharing and processing
environment. Specifically, this chapter of the Geospatial Profile describes elements of
proposed solutions using a standard geospatial vocabulary and categorization scheme.
This facilitates the identification of overlaps and gaps (lack of standardization) and
opportunities for sharing technical solutions and standards.

The Performance Reference Model (PRM)

The PRM provides a structure for analyzing inputs and outcomes and focuses on
setting targets for action and measuring the degree of transformation achieved. The
Geospatial Profile chapter on the PRM provides a tool for focusing scarce geospatial
resources more effectively and for communicating the benefits of geospatial programs.
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1 Introduction

Government agencies provide many services. The majority of these services can be
tied to a location, such as an address, regulated or managed site, delivery route, or
incident. Coupling business data with information about location provides an important
context for organizational processes and can improve the delivery of governmental
services. Location information is commonly referred to as “geospatial’ data or
information.”

Despite the potential benefits of incorporating geospatial capabilities into an agency’s
business, many organizations
have neither developed an
effective means to manage
geospatial information nor
incorporated geospatial
technologies and services to
enable the implementation of
their business processes. Use
of this document is intended
to increase awareness of:

e the dependency of government business on location and how geospatial
technologies can enhance the ability to conduct their business;

e how to collect, manage, and utilize geospatial data in efficient and effective ways
within their enterprise architecture; and

e means to leverage the geospatial standards and coordination efforts that
promote the ability to share geospatial resources across organizations.

This document, the Geospatial Profile of the Federal Enterprise Architecture (FEA), ?
provides approaches to address these issues. Additionally, the Geospatial Profile
outlines approaches for developing a “geospatial architecture” that is nested and
managed within the overall enterprise architecture of an organization. This will allow
geospatial resources to be fully leveraged, as appropriate, by all aspects of the
organization to support the agency mission. The approaches described within the
Profile are provided within the context of the FEA reference models—the framework for
the FEA—and can be adopted in the deployment of agency enterprise architecture.

The Geospatial Profile, like the Security and Privacy and Records Management Profiles
of the FEA, is defined by a horizontal segment that supports the traditional vertical lines
of business. Rarely are geospatial activities conducted as a primary outcome; they are
typically deployed in support of primary agency business processes that provide access
to information in support of mission requirements. Although the isolation of geospatial

! Geospatial data are those data that are referenced to a location on the surface of the earth

2 hitp://www.whitehouse.gov/omb/egov/a-1-fea.html
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capabilities in most organizations will be difficult, the identification of common geospatial
capabilities that can be applied to meet a variety of needs is of benefit to the enterprise.

The applicability of the Geospatial Profile is not restricted to the federal aspects of the
FEA; its scope and relevance are applicable to any organization interested in
incorporating geospatial capabilities in their business activities. The activities of
partnering government agencies and other organizations, public and private, are often
related to common geographic areas, creating opportunities to leverage interests in
specific, common locations. Recognizing the common needs of multiple organizations,
the Geospatial Profile promotes broad use of geospatial standards, data, and services
among public and private sector entities.

1.1 Overview

The purpose of the Geospatial Profile is to provide chief architects a means to examine
roles that location and geospatial resources play in agency business activities
(enterprise architecture) and to ascertain how to best incorporate geospatial resources
into the mainstream business and IT operations of an agency (“geo-enablement”).
Ultimately, the Geospatial Profile is intended to help chief architects consider
collaborative approaches for creating, using, and managing those geospatial resources®
within their organizations and between organizations.

The Geospatial Profile uses the five FEA reference models as a framework for the
approaches outlined as they are the overarching structure by which Federal agency
designs its enterprise architecture and formulates information technology (IT)
investment strategies. This Profile, like other FEA Profiles, provides guidance on how to
incorporate this cross-cutting discipline in the context of the FEA reference models and
the many FEA Lines of Business where it may apply. The development of this profile is
sponsored by the Architecture and Infrastructure Committee (AIC) of the Federal Chief
Information Officers Council in partnership with the Federal Geographic Data
Committee (FGDC).

The Geospatial Profile facilitates the ability to “geo-enable” business and enterprise
architecture of agencies. The phrase “geo-enable” includes three constructs in this
Geospatial Profile. The first is to develop an infrastructure of staff and services that work
together to provide geospatial resources in support of the organization’s business. The
second is to identify the business activities that depend on location and to support them
with appropriate geospatial data and services to improve services. The third includes
the incorporation of geospatial functionality into traditional databases not previously
optimized to support geospatial information and services. A “geo-enabled process,”
whether from a business or technology perspective, is one that generates, uses, or
displays digital geospatial data. A “geo-enabled” organization optimizes the ability for
the agency to use geospatial resources.

8 Geospatial “resources” is used in this document to mean a combination of data and information, tools
and applications, services, and technologies.
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1.2 Obijectives

The Geospatial Profile will provide chief architects and program managers with the tools
to incorporate geospatial approaches, data, and associated technologies into the
agency enterprise architecture to improve business in ways not previously imagined.
This will allow architects and program managers to leverage and reuse geospatial
resources in standard, cost-effective, and efficient ways within the overall agency EA.

The overall objectives of the FEA Geospatial Profile are:

e to provide guidance to chief architects on ways to take advantage of geospatial
capabilities consistent with the requirements of the FEA and emerging OMB
guidelines;

e to provide guidance to architects on how to develop, represent, and evaluate
geospatial architecture and incorporate it into mainstream IT infrastructure and
operations; and

e to provide a framework for improving the interoperability of geospatial
architectures across all levels of government.

1.3 Intended Audience

The Geospatial Profile is intended for many audiences; however, the primary audience
includes enterprise architects, Geospatial Information Officers, and those
managing enterprise architecture programs. The document has been organized to
target specific stakeholders involved in developing aspects of the enterprise
architecture. Additional audience types that may be considered in consultation include
the following:

e agency executives, business owners, and program managers who support
activities where location matters;

e information technology planners and implementers, including Chief Information
Officers (CIO); and

e geospatial resources experts, including discipline practitioners, data stewards,
portfolio managers, capital planners, solutions providers, and geospatial vendors
and consultants.

Participants and their roles in the development and execution of a broad-based
geospatial enterprise architecture are described in Exhibit 1-1.
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Role Responsibility and Use of the FEA Geospatial Profile

Agency Executive Provides general oversight, direction, leadership for an agency or a major
program in an agency. Will use the Geospatial Profile to better understand
how geospatial resources and activities can support the agency mission.

Chief Enterprise Architect Develops and promotes implementation of the enterprise architecture
within an agency. Will use the Geospatial Profile to incorporate geospatial
activities with the FEA of the organization. Will likely interact with the
Geographic Information Officer (GIO) and the Senior Agency Official for
Geospatial Information (SAOGI), and Program Business Managers.

Chief Information Office (CIO) | Manages agency information resources. Will use the Geospatial Profile to
better understand and manage geospatial resources as a component of
information resources. (Note: CIO, GIO, and/or SAOGI may be the same
individual in some agencies.)

Geospatial Information Officer | Oversees development and use of geospatial resources within an agency.
(GIO) May serve as the primary technical officer and developer of geospatial

architecture. May serve as the SAOGI to oversee investments. Will use
the Geospatial Profile as a framework to design and build the geospatial
architecture, to integrate geospatial aspects into the overall enterprise
architecture, to ensure compliance with standards, and to promote intra-
and inter-agency interoperability.

Senior Agency Official for Accountable for fiduciary aspects of geospatial resources and acts as the
agency representative to the Federal Geographic Data Committee
Steering Committee. May be the GIO and/or CIO. Will likely serve as the
(SAOGI) champion for the geospatial architecture, especially if there is no GIO. Will
use the Geospatial Profile to work with business managers to geo-enable
business processes. Specified by OMB as a required position in Federal
agencies.

Geospatial Information

Program Business Managers | Administers the business of an agency, drives decisions about
investments, and plans and budgets program-specific applications of
geospatial approaches and technologies. Will examine business needs
from a location or place-based perspective and determine geo-
referencing, geospatial data, and application requirements needed to
achieve program goals and objectives. Will use the Geospatial Profile as
a road-map for analyzing business needs and select appropriate
approaches for data, services, and technologies.

Geospatial Resource Experts | Develops and supports the use of geospatial data, services, and
associated technologies within the overall enterprise architecture of the
agency. Works with Program Business Managers to ensure that the
geospatial services needed to support their business are operational.
Specific technological expertise is often useful in identifying opportunities
for location-based business approaches. It is essential to include
Geospatial Resource Experts as part of an overall target architecture
design effort to ensure that opportunities to incorporate place-based
approaches are realized.

Exhibit 1—1: Potential FEA Geospatial Profile Audiences and their Roles and Responsibilities

1.4 Structure of the Document

The Geospatial Profile is organized to provide an understanding of the importance of
geospatial resources and approaches to appropriately using those resources in support
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of an organization’s business. The structure builds on the FEA reference models and
provides a clear means to link these models through a methodology for a geospatial
architecture fully integrated with agency enterprise architectures.

The document is structured as follows:

e Chapter 1 provides an introduction, overview, discussion of audience, and vision
for the Geospatial Profile;

e Chapter 2 provides contextual and background information, describing why a
profile is needed. The chapter describes the nature of geospatial data and
location, the policy objectives and approaches taken by OMB to coordinate
geospatial data, current coordination activities, recent technical advances in
geospatial technology, and the component models of the FEA. The chapter will
be of interest to chief enterprise architects and others who do not have an
extensive background in geospatial resources;

e Chapter 3 provides a summary of each of the FEA Reference Models, how they
link together, and how geospatial resources relate to each. The concepts in this
chapter provide the basis for developing the geospatial architecture segment of
the overall agency enterprise architecture. Agency enterprise architects will find
this chapter of interest, as well as business managers and geospatial staff who
want to better understand how the FEA can support their activities; and

J Examples, terminology, and references that expand on the Profile content are
provided as appendices.
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2 Context and Background

This chapter provides context and background for development of the FEA Geospatial
Profile. Included are an introduction to geospatial capabilities, policy origins and
implications, and institutional support for geospatial coordination. Geospatial standards,
policies, capabilities, and services have been established within the government over
the years. These are described so that they may be incorporated into the business
architecture of government. Existing geospatial initiatives are described to increase
awareness of and access to available data and services.

2.1 Geospatial Data Are Everywhere

Location is inherent in many endeavors. People frequently organize information within a
geospatial context — where they live, where they work, the path they commute, where
they vacation, distance to relatives, or tracks of storms. In addition, they think in terms
of spatial boundaries — What is the population of the county or school district? What is
the average home price in this neighborhood? What is the range of their wireless
router? Geospatial data take many forms including place names, street addresses,
highway names and markers, latitude-longitude coordinates, and maps and images of
places or resources of interest. The location, when processed with other data, such as
the name of an individual, a particular building, the name of a hurricane, or the victims
of an accident, becomes geospatial information®. Locational data exists almost
everywhere, but is not necessarily represented primarily in the form of maps. Creating
and sharing structured data for location and its related properties allow it to be stored in
a database, shared over the Web, and linked to other data to answer many questions
related to “place.”

Geospatial information is also used in a variety of organizational settings. Examples of
information and use include property records, building addresses, routing vehicles,
species ranges, crime patterns, electronic health records, traffic congestion, utility
networks, hazardous waste management, airspaces, watersheds, election results,
satellite and airborne imagery, etc. Organizations that may benefit from the
incorporation of geospatial information and capabilities include asset and personnel
management; natural resource, environmental, health, and transportation agencies; and
homeland security, intelligence, and defense.

A common use of geospatial information is in emergency planning and response. For
example, a forecast of the progression of the track and intensity of a hurricane is based
on geospatial information represented as a map, as shown in Exhibit 2—1. Many
sources of geospatial information were joined together to make this map: base maps of
the political boundaries and place names, current position of the storm, and the output
and projected location coming from a hurricane prediction model. This map and the data
behind it could be used in other software systems for display with other data, such as

* The distinction between geospatial data and information is subjective and depends on the outlook of the
observer and the context of the observation. The terms are used interchangeably throughout this
document.
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population, highway networks, evacuation routes, emergency facilities, etc. in support of
emergency response.

Approx. Distance Scale ( Statute Miles )

S
SH 125 25 5 500

Hurricane Katrina
August 27, 2005
10 PM CDT Saturday
MNW3 TPCiMational Hurricane Center
Advisory 19
Current Center Location 25.0 N 86.2 W
hax Sustained Wind 115 mph
Current Movement WHW at 7 mph
@& Current Center Location
& Forecast Center Positions
H Sustained wind = 73 mph
S Sustained wind 39-73 mph
D Sustained wind < 39 mph
& Potential Day 1-3 Track Area
€ Potential Day 4-5 Track Area
B Hurricane Warning
||

Hurricane Watch
Tropical Storm Warning

Exhibit 2-1: Predicted Path and Intensity of Hurricane Katrina over the Gulf Coast and Inland States

Geospatial information includes not only information that is obvious to most people such
as driving routes and maps, but also other types of data, including elevations, satellite
imagery, and location information acquired from a global positioning system (GPS).
Additionally, location is often an important feature of other types of information that
many people may not think of as geospatial:

e human resources systems capture the location of office buildings and rooms as
well as home addresses for each employee;

e inventory and asset management systems generally identify where a piece of
equipment is stored or used;

e business performance reports often itemize results according to an organization’s
regions or jurisdictions; and

e grants and funds to cleanup or address specific community concerns are often
distributed based on proximity to population centers or other relevant factors.

Other situations may require that a moving asset or phenomenon may be tracked
according to its geographic location. Examples of a moving asset can include aircraft,
trucks, vessels, or even individuals on a watch list. Commercial shipping companies
track every truck and package and can plan delivery routes to optimize or minimize
travel distance.
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Business operations based on the use of location, as well as collaborations in effective
use of geospatial information, can provide government and private sector organizations
with many benefits, such as:

e geographically referenced (geospatial) information that provides a means for
organizations to collaborate with other government agencies or organizations,
particularly in times of emergencies or where rapid decisions are needed for
business purposes;

e common semantics and functional capabilities as components of shared
geospatial partnerships that contribute to inter-agency and inter-governmental
interoperability;

e gpatial data infrastructure services and networks in the Web environment that
describe the availability of geospatial data and services to facilitate development
and use of geospatial information and functionality within organizations;

e geospatial information resources created and documented using standards (e.g.,
metadata) by many organizations, making the resources potentially accessible
and usable to many others; and

e coordination mechanisms and examples of partnerships for shared data
acquisition within the geospatial community to serve as models for those new to
the use of geospatial resources.

The geographic tagging of business data can be a key element in business process re-
engineering, and can result in large returns on investment in terms of improved
workflow and resulting resource savings.

2.2 Advances in Geospatial Technology

Numerous advances over the last 30 years have contributed significantly to the ability to
productively use geospatial data within business processes. Although these represent
general advances in the world of computing and networking, geospatial applications and
processing would not have evolved as quickly without them. For example, the advances
in both computer processing power and telecommunications capacity ensure that large
and complex geospatial data files can be processed more efficiently and in a timely
manner. Several of these advances critical to geospatial architecture are described in
this section.

Technologies and data that were either completely unavailable, or highly costly and
restricted to skilled and uniquely trained staff, are now available widely at reasonable or
even no cost to millions of individuals. Non-expert professionals are now able to take
advantage of geospatial information on the desktop, owing to popular applications that
run through a Web browser or a downloadable general-purpose client. The ability of
geospatial technology to integrate diverse data sources based on a common
geographic context can support multiple business processes identified within an
agency’s Enterprise Architecture.
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2.2.1 Geographic Information Systems (GIS)’

A geographic information system, or GIS, is often defined as the hardware, software,
data, and skilled staff needed to capture, manage, analyze, and display geospatial
information. GIS, originally known as “computer mapping,” originated in the early 1960s.
For many years agencies that bought and attempted to use GIS software were faced
with a significant level of effort to digitize or geo-code their data in a way that allowed
the hardware and software to manipulate those data. Increasing availability of data
based on significant investments and thousands of organizations using GIS and the
proliferation of means to share those data (e.g., via the Web) have made it far easier to
access and use GIS software to address real issues.

Initially GIS were thought of only as a
mapping tool, but unstructured maps
(rather than data) served as a barrier to
integrating geospatial analysis into
operational business process. Over the
last decade, software companies have
increasingly added functionality to GIS
and these tools now support complex
data management and analytical
functions. This includes the means to
link thousands of attributes to location

I"-'L"'--'.-o:-<>g:|r|:||:|I'|.-.;.I uie

and model relationships between those s i rcn
data. - - -
Over the last decade, the cost of GIS A ";@j:“
hardware and software has also ol
decreased significantly. This allows a d
variety of tools to be accessible to R lceaedmeood

nearly any organization with the interest
in managing data based on location.

2.2.2 Global Positioning System q
(GPS)® =
The Global Positioning System (GPS) is
a satellite system that provides the
means to capture highly accurate
location information via GPS receivers.

=
g
Hi

African

GPS devices allow staff to locate . \aseular Plants:
facilities or sites with significant e Species Richness
per 10,000 km?

accuracy often using hand-held devices
with basic mapping capabilities to collect

3 http://en.wikipedia.org/wiki/Gis

® http://en.wikipedia.org/wiki/Global Positioning System
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location data and either upload the position data via wireless networks or through office
networks. A number of vendors have Differential GPS services that provide better
accuracy than the nominal 15 meters offered by GPS. This supports the collection of
more precise positions required by some business practices (e.g. facility management,
emergency response). These capabilities allow agencies to affordably collect and then
use or share location information where such positions are linked into the mission
databases and systems.

2.2.3 Remote Sensing’ and Image Processing

Satellites and aircraft have collected increasing volumes of digital data in multiple
spectra and formats that provide almost limitless means to measure and examine
features and phenomena on the Earth’s surface. Additionally, GIS and image
processing software have evolved to provide the means to integrate a multitude of data
formats and resolutions to support the means to fully utilize remotely sensed raster data
with traditional map (vector) information. Continuously increasing quantities of
accessible and usable remotely sensed data offer rich opportunities to monitor trends,
changes, and characterize locations. Many commercial organizations have begun to
use remotely sensed data in the services they are providing on the Internet (e.g.,
Google Earth® and Microsoft Live Local®) that are popularizing the visualization of place-
based information.

2.2.4 Geospatial Simulation Models

Advances in computer technology—processing speeds and storage, in particular—have
made it possible to run complex models that rely on massive volumes of data, as
geospatial data activities frequently do. Many types of modeling applications are
increasingly available (many at no cost) for different business purposes, including
contaminant plume modeling, agricultural crop models, epidemiology, urban
development, and scenario simulation. Simulation models become a realization of
business processes that are driven by mission requirements that address phenomena in
a geospatial context.

2.2.5 Geospatial Web Services

Web services provide a means to support sharing and application of geospatial data.
Information that has an associated location can be used in geospatial queries, analyses,
intelligence, and visualization over the Web. Combinations of data from different
sources may be needed to provide an integrated view over time of events, tracked
entities, and their locations to support decision-making during operational planning,
preparedness, prevention, response, and remediation. An example of such a service is
Fire Weather Forecasting'® as shown in Exhibit 2-3.

’ http://en.wikipedia.org/wiki/Remote sensing

8 http://earth.google.com/

® http://local.live.com/

1% hitp://www.spc.noaa.qgov/exper/firecomp/sw/
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Geospatial Web services process data and information to support and address specific
user requirements. Geospatial Web services can cut across all lines of business in a
multitude of applications. Systems that process geospatial information have tremendous
potential to integrate information from seemingly disconnected activities and a variety of
sources. Geospatial services can be used to transform, manage, or present geospatial
information to users. Examples of geospatial services of potential use by many business
applications include:

e displays of agency information using map backgrounds to visualize situations or
events and include other relevant geographic features and entities of interest;

e determinations of the geographic coordinates corresponding to an address (geo-
coding);

¢ identification of routes and directions for navigating from one location to another;

e Queries to retrieve geospatial informat